The Ultra-relativistic Quantum Molecular Dynamics (UrQMD) model supplemented by potentials for both pre-formed hadrons and confined baryons (called UrQMD/M) are used to describe rapidity distributions of both the E895 proton data at AGS energies and the NA49 net proton data at SPS energies. With the help of a coalescence afterburner using only one parameter set of (R 0 , P 0 )=(3.8 fm, 0.3 GeV/c), both sets of experimental data can be described fairly well except for a small discrepancy seen for the net protons at mid-rapidity from heavy ion collisions (HICs) at high SPS energies. Furthermore, in contrast to the logarithmic dependence with beam energy at 
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In order to explore the onset of a possible phase transition from the hadron gas (HG) to the quark-gluon plasma (QGP), the experimental programs have focused on heavy ion collisions (HICs) in the beam energy region below 100 GeV/nucleon. These are currently studied experimentally at the BNL Alternating Gradient Synchrotron (AGS), CERN Super Proton Synchrotron (SPS), and with the Beam Energy Scan (BES) program of BNL Relativistic Heavy Ion Collider (RHIC). Lattice quantum chromodynamics (lQCD) calculations [1] showed that the transition temperature is around 160 MeV (for µ b = 0) and the corresponding energy density is around 1 GeV/fm 3 . A multitude of dynamical models have predicted that these temperatures should be reached at the beam energies of [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] GeV/nucleon. Given the finite baryochemical potential, the heated and compressed nuclear matter created at these energies might pass the phase transition line in the vicinity of a potential critical end point. Therefore, quite a few probes, such as charmonium suppression [2] , strangeness enhancement [3] , directed flow [4] , elliptic flow (as well as its difference between particles and its anti-partners) [5] [6] [7] [8] [9] , and Hanbury-Brown-Twiss (HBT) two-particle correlation [10] [11] [12] [13] , have been suggested as signals to detect the possible (phase) transition.
And just recently, the baryon stopping itself was proposed to show strong signals of a phase transition as well [14] .
The prerequisite for all studies of hot and dense QCD matter is the deposition of energy and entropy during the initial stage of the nucleus-nucleus reaction. Therefore, the phase space distribution of the protons should be theoretically investigated and well described to benchmark the initial stage. Unfortunately, we observed that the yields of free (net) protons emitted from heavy ion collisions at AGS and SPS energies are not well described in the framework of microscopic transport models such as the Ultra-relativistic Quantum Molecular Dynamics (UrQMD) model [15] (using the cascade mode, and called UrQMD/C in this paper), which will be further examined in this paper. The main difference in the calculations and the data is a apparent overestimation of the proton yield in the model.
Here, we explore how a clustering of the baryons into fragments reduces the free proton yield in the model simulation. This line of argument is suggested by a recent paper of the FOPI group [16] , where it was found that for central Au+Au collisions the percentage of free protons is still only about two thirds of the available charge at the beam energy E b = 1.5 GeV/nucleon. Therefore, the percentage of free protons at higher beam energies such AGS and even SPS deserves attention as well, when one compares model calculations 2 to experimental data.
It is known that, at GSI Schwerionen Synchrotron (SIS) energies, a conventional phasespace coalescence model [17] [18] [19] can be incorporated with transport models (mainly the QMD-like models) after a proper reaction time t cut in order to describe multiplicities of clusters and free nucleons. In this afterburner the nucleons with relative momenta δp < P 0 and relative distances δr < R 0 will be considered to belong to one cluster. Effects of binding energy, isospin, etc., could be taken into account [20, 21] but are ignored in the current work for simplicity. And, baryons other than nucleons could be treated in a similar way.
Certainly, a powerful afterburner for treating the sequential decays of excited fragments occurring after the dynamic process and for reasonably handling the interface between the dynamic and statistic process is still desirable. In our past calculations, the values for the parameter set (R 0 , P 0 ) have been chosen in the range of (R 0 =2.8-3.5 fm, P 0 =0.25-0.3 GeV/c) in order to reproduce experimental data of both multiplicities and collective flows [22] [23] [24] . Alternatively, one may apply the Wigner function method explored in [25] [26] [27] for the AGS and SPS energy range. While the Wigner function approach seems to be better founded, it has the substantial disadvantage of not conserving baryon number in the projection. Therefore, we employ the traditional approach in this paper. Currently, the coalescence parameters should be varied slightly due to a much higher excitation energy for clusters from heavy ion collisions at AGS and SPS energies. It will be found that only one set of parameters, (3.8 fm, 0.3 GeV/c), can describe the rapidity distribution of free (net) protons from central Au+Au collisions at AGS and Pb+Pb collisions at SPS energies fairly well, with the help of a mean-field potential version of UrQMD [11, 12, 28] (called UrQMD/M in this paper). In addition, for each reaction, more than ten thousand events were calculated in the transport program and stopped at t cut = 50 fm/c.
Let us now turn to the rapidity distribution of (free) protons (in Fig. 1 ) and (free) netprotons (in Fig. 2 ) from central (σ/σ T < 5%) Au+Au reactions at AGS energies, i.e. E b =2, modifications for both "pre-formed" hadrons and formed baryons in UrQMD/M broadens the rapidity distributions, this in turn leads to a reduction of the proton yield at mid-rapidity.
Especially for heavy ion collisions at higher beam energies this effect is more pronounced, as was shown in details in previous calculations [11, 15] . The additional pressure during R 0 value reduce the yields of (net) protons (especially at the low AGS energies) in the whole rapidity region. And, calculations with potentials and the parameter set (3.8 fm, 0.3
GeV/c) in the coalescence afterburner allows to describe both, the E895 and the NA49 data fairly well. A small discrepancy between UrQMD/M calculations with afterburner and the experimental data at the top SPS energies leaves space for a more systematic description of the dynamical evolution of the new phase created at the early stage, such as the stiffness of EoS [8, 11, 32] , effective string tension [3] , and modifications of cross sections [8, 9, 33, 34] .
As noticed in Ref. [16] that, if the proton fraction in clusters to all protons produced from To summarize, we have employed the UrQMD model supplemented by potentials and 6 called UrQMD/M. In UrQMD/M mean-field potentials for both pre-formed hadrons and confined baryons are considered. For the present investigation a coalescence afterburner with parameter set to (R 0 ,P 0 )=(3.8 fm, 0.3 GeV/c) is used. We found that the E895 proton data at AGS energies and the NA49 net proton data at SPS energies can be described reasonably well, if the comparison is performed for the free protons. The calculated excitation function of the proton fraction existing in clusters deviates from a pure logarithmic function as seen by the FOPI collaboration at SIS energies. In contrast to the low energy extrapolation there are still about 10% of protons in clusters from central HICs at high SPS energies.
